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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
provide a field effect transistor at 
a low cost which has hetero 
junction structure composed of 
silicon as main component and is 
excellent in characteristics. 

SOLUTION: In this semiconductor 
device, a first silicon layer 12 (Si 
layer), a second silicon layer 13 
(Si1-yCy layer) containing carbon 
and a third silicon layer 13 which 
does not contain carbon are 
laminated on a silicon substrate 
10 in order. Since the lattice 
constant of the Si1-yCy layer is 
smaller than that of the Si layer, a 
conduction band and a valence 
band of the second silicon layer 
13 receive tensile strain and are 
split. Electrons having small 
effective mass which are induced 
by an electric field applied to a 
gate electrode 1 6 are confined in 
the second silicon layer 13 and 
transit in the channel direction, 
and an N-MOSFET of extremely 
high mobility can be obtained. By 
constituting the second silicon 
layer 13 of Si1-x-yGexCy, 
structure suitable for a CMOS 
device of high performance is 
obtained. 
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(57) [Wfo] 

[MUSI aylri^i LtMJtifc^rng 

\m&m\ isv=i ^sis i o fi©->yay 

112 (Si 8) #8(S$r&tffB2<z»y 3 
(s ii-y c y l) saimftv^aoviJay 

11 4 t tmftfimZ *1/CV^ 0 S i 1-y Cy ««S i 

1 3CDis^5Lt««i^i?l^?5 l 9S^SH'T^^ P y 

<7)^Ti^VMi-MOSFET^r#5ri:^T'#-5<, 
2®->!) nyfl 3£S i i-x-y Ge x C y {C«fc«?1#J& 

■ttu-x. mvm<n cmos f^of * \z.m vtzmm t * 

-So 



F I 

H01L 29/78 3 0 1 B 

21/76 D 

29/80 H 



m&m W*Jg©»24 OL (£21H) 




g> 

[If*! 2] lt5Rrilf^t(75^^g(-*i^-r, 

fX-M. IXdB 2 <7» y 3 >m\-±W1-tfMrf 
[If 3 ] 1**11 2 !E*^¥^ft2gg^i3V "»t\ 

±I5SS 1 <7» U 3 ^Jf^tt 2 <7» y 3 ^S<75 

[lf*S6] ff*JS2~5C0 5'^^-f ! ^ : 'l^-f2^ 

±f£$S 2 y 3 ^(OilLhTj^iflE^— h«ffi<75T^ 
tOH^l$nJJB» 2 <7» y 3 ^Btc5l o3B <9 

±IE3B 2 s/ y 3 vgtcjov T\ |R 2 y 3 ^/f 1 59 

umm 7 1 n&i 6 t^©¥i«*ag»^ ^ 

±K3B 3 y 3 >-g{^*J(t 3_hfi2!f? 2 tf» y 3 >Jf (75 40 
[If*! 8] |ft*il2~5(D5*3^-ftL7)^lo(c:fe« 

W^ft^glCfc^T, 

(CffM$tL±IS^ 2 <7» y 3 ^Ji(c§|o3fi "9 1^4x5 

g?3<7»y went*., 

±te^2co->y 3>-ji(c:fci,NT, JSi<7»y a^itf 



(2) 1-2 3 3 7 7 1 

2 

^ v 5 ^ * Xh <0 , ±3BSB 2 <7» y =« ^Stt*— /W^jfeff 

[is*js i o i if *js 9 %ffi.<D*mmm\zj3\, ^ 

g 



[If *S 1 1 ] If #Jfi 1 0 IEi&0¥*ttSS«C*5V % 

±12^ i »•> y 3 ^stcioit 5±f2^ 2 <7» y 3 ^gco 

m*zh\m^x\,^z.t*mkt^%!mwmw<, 
1 2 ] » loxiiii imcDtmtmw 

[|f*JSl3] |f*3S9~l 2C0 9*>V^n^lOid 

. 3 <D'y y 3 i (7)^(cjfM$tt-5^ ^v'-v/W < 

[IS*rS l 4 ] HMOS i 3 lafteo^flssatfcisv > 

±IB^ 3 ct» y 3 ^gjc*5»t 5±E» 2©->!)3 ^Sco 
i^^j*$*^«fewplPRI^Sr^i«^ K-7" 

[If #JS 1 5 ] 9 ~ 1 2 <D 0 ~h\ ^fll^ 1 OfC 

IS 3 <75i/ y 3 $ 

±is^2cov/y a^ajcisv-c, igiw^y ^>mtw, 

2<D*y\) =*>mt<Df$ y Rxf%2<D'>y='ymkWi3<n 

[fit *JS 1 6 ] If #JS 1 ~ 1 5 (75 0 *>V ^ jX3ft> 1 Ot^ 

IS^co^f$^g(c:fcv>T, 

±12^- hfflHoiHTJ-ffM^ttfcy- hiffettlliSr^ <b 
[If *il 1 7 ] 1 ~ 1 6 <D 0 >-fn* ^ 1 0{C 



(3) 



v" a s t -t-s^iwat, 

[|»*S 1 9 ] MOT 1 IBttO^ft^W^ ^ 

±|EB40v'y 3^<D±tdJFM^tU K*Sr&*±IB 

±I2JB 5 ©v' y 3 ^gri* p ? L -r*/i'8We£ UT«H&r 5 
2 0 ] «#« l 9 Ett©i£W*aiS»£i3V * 

2 l ] »#S 1 9 Xli 2 0 3Eit<£>¥*tt3&K 

\zim<D^mm^&< ^x. 

[ft*Jl2 3] fft^l 9-2 2^5^-Ttt^lo 

[is*js 2 4 ] nwus 2 3 &atji&mmm&& 



[ooo 1 J 

iT^z>3-^*j\sm\^\^*& v ) : &$:5-x-x*\ y to#*> 
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[0002] 

K£*©8W] 5S& 3^S^gJi{cffM$n-5 by 

^vxfux &M-mm-¥m& (mis) §j<7?®# 

®^by^i/x?tf±MX'hZ>o Z.ff>b5*si?xf<D 
«H4Sr|6)±$-erS*t£iUf, S i ^-^/wgl^loSS 
9 S£4-X.5:WfeSM* i &£*VC>' ^5 (J- Welser et a 
1. , "Strain dependence of the performance enhanceme 
ntin strained-Si n-MOSFETs, * IEDM Tech. Dig. 1994, 

p. 373. feiUft. Rimetal. , "Enhanced hole mobil it 
ies in surface-channel strained-Si p-MOSFETs, " IED 
M Tech. Dig. 1995, p. 517. ) „ 

10 0 0 31 m 1 6 14, ±IB7j?£IC J: K> 

mSti. v/yayS^lOOroilC, Ge^WO^ 
<b x -HXiffimizmfia LTV ^SiGe^5-7ril0 
1 t, ffrHmZfttzS ii-x Ge x Ml 0 2t, §|o 
«»>56*SttfcS ill03i &mfc$ttttit><nxib 
So d*t(4> S iGe/^77§10 l±Km&tSlVlt 
S ii-x Ge x Si 0 2*fe=Fmu£^:Z>^b^£K) . 
S i l-x Ge x |10 2<att?-J©RSr*»£<Z>S iGet 

<»U<**J:5**<U -t0>±tafcfti-*s iSio 
3tc3lo«0£*-£;t<fc5i:-r5 1 fe©-C*>5. 
[0 0 0 4] 017 (a) ~ (c) (4, •^tt-FtUli^ 
S i i- x GexiiS iHii^JiSflCOt&T-^ffiSr^i" 

*^rtS*«BiBI, R^S il-x Ge x iiS igtJc 

is^og^HBgoxOKig-ciba,, mi 7 (a) (c 

TfrTX 0 (C v Si iftJlrotfr^jefitoiS i i-x G e x £h& 
(7>1s&-T-^J; , 9'b/J^V^'C\ S ii-x Ge x §©±t 
S il^xt7^>t^ftM2ii:, Ell 7 (b) Id 
TiH-ri: < S i ilttS i i-x G e x JK-ioT^loKO 
S6*S»t5. ^tftft** S ii-x Ge x gt?lo?f9S 

^<^Kf4s 017 (c) t,C7fkir£o\ctj;% 0 1-l£t>h. 
S iJll±§|o38i9S*S»t6ri:^J;l9, &mx&6 

m^mmmrt, 2fi*Jit/4fi(c«§iiL^<>-K (a 
(2) at* a (4) ) tc^yy y h-TSo iffifl;^ 

^T't)l5H*«-2a^ii^?tt. h*— A* (LH) 
<t^t— (HH) «/<yKIC7,7°!J2/ht5 0 
[000 5] ■t■/«ct^*>^ r©J; 9 jfc^ag^flBS^ J; 
oT, Ell 6(C^rfS igl 0 3(DBM^^t2MKm 
ilLfc^^KA (2) »Cj:9«Wt**U ^^-Wtc 
I4S i i- x G e x g 1 0 2 (DmT-J; 9 t./J^ < U 
feJSo-C, S ill0 3?rf^i/tt5i#aS:H7 

(2) <75m^-/!i s ^-^^Sr*:tTi"5(75T:\ S i g 1 0 3 
WHI^|6){C*D(t-5^#»jS^rfi]±L, h7^^© 
Kif^j*gE*S|fi)±-rs. ^KA (2) 
— U^/K4, S ii-x Ge x gl02 OOfi^^JffitCiStt 



(4) Wl 1-23 3 7 7 1 

5 © 

s^,^- w</u± *) h\&< Kz<Dx\ siiio3 wM*nm-z>tz.#)<n^m imw<D¥mmm\x 

z^^ut urffli ^^.ticxv. s i ji t s i i-x s«±tcm#^jm k y 9 zmz-tz^m&mmxfo 

t s i c&fts z i 6o tLfc^ i <z>^ y => ^Ji t , ±sejs i c/» y => ^®<d±(c 

[0006] -2k SillO 3WiI^Mli, rTM£*U ^«r^^±IE^ l *>vy =>>Ji{cJ;53|o 

jttro/J^v^ h*-;McJ;3^Klc:±9fllJ&£ 3f<9££gtt*:!g2<7»y ^yfi, ±|Bm2<7»y = 

ft, ^Mvu=¥-lfttC{iS i i-x GexilO 2<D*-/U Vjft^^&^tLfcy- ^{ixTfet) , ±15 

«fcWh£<&5„ Ub^oT, ^(Di^iSillO m2W^!J3^ii^±i5tt^?^h7>^^0^^ 

v^^ticX^), W$>fC*0/h£^7-r h*-A^s i 10 [00 14] micfci?, W,l<n*yV^m\^ Btt 

mi 03 (DWjfaizmi i,x*-s\j&W}mfrfa± u h m^y y = Mat^-c/j^v <#a«s£**L-tv ^<dx\ 

y * (DW)i / mm&ft±-f : bo » 2 y =» ym^^-mi-m, 1 y =• >m x <o t> 

[0007] r(7)i5l^nf^;H#Mh7^ /h$<&-5, Lfc^oT, il^>y3yitl2©-> 

fctCfcU* h9^^^W±©|Si_bJsa&$tfCV^ 0 %Sr(tS„ 120^ 3>l0^t?li6 

[0 0 0 8] fi<0iMS&6S«¥»t, 2fi*SitMfi(^ilL£v<>'K{£* 

fctifefca^cJ: 0«^ix-5ffi#^i*h9 y^9\z\ ^^^HKW©eW«rJ»tt2fiJ;UBfiL^<> Ktcfc 9 

[0009] illw ^-^Hgt&i: toS iI103 ~> y 3 >m<DmrFX <0 < &3<, Lfc^SoT, ®8fE 

i G e/<y7rl 1 0 1 rtlt#»TO(E|aasjS*f 5. £ Ufd^oT. m^t>Mxir^nf-^^t:^-ti> 

Its s ii-x Ge x H 0 2cD_h«&£*tSS iJli ftjKftSh^v^^rotftfBiSEi^j;^. $fc N M 

1 0 5 c m- 2 @«{c:^lb-t-0*^5#T-fo 9 „ [0015] f2©->!)3 V»©flWrHrCt>l5I 

[0010] JB2ic, r©i5*^Wcfcro/^ yb't^-^v y hi"S. rro^, ^2<o->y ^it 

3, h t v ^ 5 b^xmmmciz. u\ 9 w h *-junmtmm*m 1 ©-> y => yi©*-^© 

[00 111I3II, ±fB^o«itTii. SillO "9 t>^J^ < Ufc^oT, ^-/W^^fT 

3 ©fiM-T^fflSSroai^l'^— W^wa* S i i-x G e x S i"2> p ^-T JM'4r*i"S«IWMI h ^ ^ S X 

102 cDiffim-T-^w^^^f— ^^<t 0 tiS< *s <b> ^— /KoWSbfOfe^'h;* < - 1 i-«t 9 *— ^ 

/c*{^ S i i- x Ge x H 0 2{IiJ^V^7 i DPfig^ «lS* s |6j±U h 7 ^v ? ^^CD»jf > NtS* J |6]±'t"5o 

ffM£tu S i a 1 0 3ftHc^!Mf40/J^$v yufe [0016] $ b^, v4 h*-/w<> K<o^vu=¥- 

[0 0 12] *&WteM1)^&lC^Xte£tltzi><DX 9 tW< t£Z<DX\ m 1 <75~>y a^*i*2ro->' 

*>9. *^5#<l%LfcfiHH«fPWfci?><OffVv<s/7 y =^®icora«75^npfii(cj;'9^20v-y =>l(c 

*mtt\vmm&¥jLZ¥& ! 6:mrz>zb\££'!). & [0017] t^t, m2(n^^^m\-m<-r^^ 

ttflW S - i 5r @ i"S 0 oTfefu^li i: A/if'^i, ^ B B B 1 ?rMt5 Zbh®%X* 

[00 13] 50 fc6„ ±JzEO«t9{-> «ftKOfc«XOJ¥Vv<y7r 



nz>z.b\zt£Z> B 

loo r'8] ±m*mimw^tort%m2<n^v 

fi, ±l2«#a* h 5 9 & n ^-ir ^uSWIKft* 

[0 0 19] ±JBN s iW«a»J3V^ lEnft*^ 

ivcv LV\, 
[0020] ^^f-ct •? % J; sft^roH C 

So 

[0021] ±jB¥##§swc*s^-c\ ±ie» i «>vu 

[0022] rtucJ;f9, =af-ryrsHJ«3tei-Si*«*K 

(i. ^^{W^fciSftScgL&SttS- i*<flSit-e 

[0 0 2 3] ±XdB2(D^U^>m\i, m=H¥Fbti:v 

[0 0 2 4] rtUdJ;i9, ^^u^t^i:JfcS^2^)iX 
y =i Vgf'tJV vC^2$ttfc=*--¥ y Tfir<D*^-#Frt 

[0025] ixvmwmm^ ^ ±mm 2©->u 

ft 2 <D •> y 3 >JHd? I o5S «3 S&-^x.3ft 3<0->!J3y 
SSr^bKHB/t* ±|Em2(75->y 3>-g{C*3V^, £2 

cov' y 3 vji t 3 <d*s y 3 i <D$mw&]&£tiz> 
[0026] wtuc «t •? , y- nfiBMWJjrr-cfift 

-5 r. b lilS b h b'K < , -M)*MO Sh7 Vv?* * fc 
[002 7] ±JE|& 3 y 3 ^®{C*5 

[0028] ±IS^^t»-*3V JtSHSB 2 y 

3 >-®oia±*^o±f5y- hmffioT^f-jFM$n±is 
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8 

JiSrSfcKHi*.* ±iE»2<o*>y =^Jin*jv^ mi 
ov-y 3>-jii:^2(73v-y ri^jBtoM, auU2©s/ 

b<Db-rz>Z.btfXZZ 0 

[0029] zHMckQ* !2©i/!J3yli:l3(D-> 

y ^>mb(om\zh^^wW)^mL^^ l^^. 

i: ©KI^M^n^^f n p$Ig i: fc i o T&sn-s ft 2 

©v/uayiic, nFf-*m#>xsmx.<mtz.#>z>z.b 

[0030] ±IE^^Sf-*5ftS^ 2 <D*S y 3 V® 
fi, ±E«5W»* H 9 * * 5 P ^ - v ^wSWIKSb* 

[003 1] ^rcoa^fcii. ±Ep^-r^wSWff3ti» 
[0032] J; 0 , ^ 3 p$H§rflJffl Ut*-^ 

[0033] ±3E#m#$miz&> s x. ±mm i ©■> y 

[0034] 'm-i 1 ?, ^VTzmfrtzmmmr 
30 -y°m b*i-v rmwmxh^^^b ttzymnzft 

fi, >r *><ittm9iz£z>W8L&%:rtz>z: bte< mmx 

mrrz>Z.b&X'%Z>o 
[0 0 3 5]tf:, n ^-V **&UV&8k h 7 ^ ^ 

<oa^ t Ir«»^, JbaeiB 2 <d-> y 3 ymiz, #-^#f t 

[0 0 3 6] £*bf^ p^-^wSWIW6*h7>^ 
- hm®DT^f-ffM£*tJifiE3?2<av-y 3^Jitc5lo 
2 w> y 3 vjiic&v m 2 <t» y 3 t % 3 

y 3^gi:roig#{c:ffM^ttS/i<7 : -Vv'^/K7)< 
XV, *-s\'frfflCZ.)tobixX\,^t<nb-t-Z>z.b&X' 

[0 0 3 7] ^ro^lct, ±KSB3«)'>JJ 3^H(c*j 
»t S±E» 2 <7» y 3 vaoi6SM^^S*ti«««ro p 

[0038]ft p^-v */uw&Mm Yy>V** 
50 CO^-ICt,, ±|B^2<75v-y 3>®(OjlLh*»o±fay- 



9 

hmM<DTJjwm£ti±mwi 2 <d~> y => >m\^ i <>m 

/§ <t cor^cm^nffM^s 2 ^T^mmcx <o s 
/udspfl * e>;tvtv >a t>co t -f 5 r. t tfxz 5 0 

•[0 0 3 9] rtucit), JJ£C0f#BlC«fc»5, 
GB £ »W!MW>»t>TJISv ^m#^b* h 5 >- v 5 * * 

too4o] ix&mmmizis* ±iey- bmm 

[0041] XfE^tfcglgt-^T. Jtie^2(73->!J 

&DCDlSa#]|J9¥J; "9 Vh£v^ ktiW£ Lv \ 
[0 0 4 2] rWci^ 9S2<D->V =*>m&s &®-<D 
fcv \ iisSfitt®ffi*-ca»*ifeBi»- J: "3 »^-e# £co 

[0043] ±tB^fr^«(C*3tt 5±IBm 2W->!)3 

[0044] iwa^ gj2co^y =»^gici, 
iotf2©->y3 ylro^a^B i ©*> y 3 >g 

[0 0 4 5] imtbfr^-VJxfrSWlo&O 
mtrSiiftcM 2 Ov' y => ^gco L H/<>- Kco^/u^— 

1 co v y =i >-/f coflffim-^affii: co^/u^'- U"</HBi: 

[0046] ±K^ffc£gi-*3V ^ ±|SttjKa* h 
9 V * (i±IE^ 2 CD -> y 3 >Jf # n ^-^/UT'fcS 

Uttt bttfcS? 4 co~> y 3 >S <t » ±ES5 4 co-> y ^ ^g 
•53lo3S93I£g:tt*:3S5co->y a^li, ±ffi^5co 
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^ 5 co-> y =i ^g/5* p ^-^r^/uffilgEt LT^B&TS p f 
[0 0 4 7] ^tucj:9, A^WttftroWv^p*"** 

^»^coi« v ^ n T-f^&m-rz, n ^--r ^uswipa* 

coii5V^p9 L ^/^i: L-Cco^«^-C# 

tt*— ^co^-^^/i^S^^'- h«S*»e>iS< 4oT+ 

[oo48] r cotsffiMx/M ^ t \^xmmtz>¥m<* 
<Dm 2 co v- y =1 >m t . ±ep ft^nwwt* h 7 

>-v?^- ^ co^ 5 co-> y = V® t (Ciott ^j^^co^lia 
20 [0 0 4 9] rni^J;?), ri^**>wmSWeBky- 3 7> 

i?X ? (Dm 2 C0~> y =i t p f+^Htffi* h 7 

^ co^ 5 co^> y = ^g t Sr, p mftxmr-ffM 

[0050]' dcotaMM^M * t vxmmtz*mfc 

±ie^ 5 coi> y a >m(Dm^^ ±%e#m<Dmj&xfe-& 

[0051] rcofaffiMx^-r ^ i u-cmtg-rs^^ 

[0052] rwcii?. ff)\^r^j^ t mmnmmt 
zm^tz^t^xox, mn,i-w^<o^<T p P$i!co*# 

$ <tfe#^co^x a p$^co^# $ <t «r, ^gi$^gco 

ffiS^ c-ciiU^j^-^ i t ^5 Bi^ic/^s cor\ 

*iicO*it-C n ^tffl fc L-Xh P ^-t^Hl t LT 
t>, y TCO^ C w fc^W^V ^^X-^ZMffttZ) 
40 ri«|c/j;5 0 

[0 0 5 3] ^C0#B-> ±85»2XtfSB5(0'>y 

[0 0 5 4] rtLtCt"?, nft^SlfM^V 

^ * cob 2 <t» y a >m t p ^^wom-^ v 7 
v ^ (om 5 coi/ y 3 t Sr, m c^sxmx'ffM 

[0 0 5 5] 

50 \wR<»wfo<mm\ (M i (Dmmm> in in, 
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(sis) tmm (h^vtmmRW/^-vj*) z 
<5tsWi2<D~>v =>>m (si i-yCy mxr&s i i- x - y 
Ge x Cyi tnmmffi&zmzftisXTfrmmmx* 

[0056] 02 (a) ~ (c) f4, f&l~fS3 

(s ig) tmmz^tsm2vsy =»m (s i X - y c 
y g) k*mmi-z>wi<D&&mmm, «g^sii- y 
c y m^)^^M^itz^m^7frr^ B mmm. r 
zmmmns imts u- y c y mt^x^^om^- 

[0 0 5 7] *1\ 02 (a) (C^r<J:5^ ^*CDJS 

ayfoj ^ S i 1-y Cy gCDfe^£$C{4S i i»W 
^«f9t>/J^v\ Lfc^oT, 02 (b) 

id, s i m<D±.\z.s i i- y c y gsrfig-t-s t s i i- y 

Cy g}4S ig^b?|o?5t?SSr^tSc &&(D 

&±-tZ>f&RWmSXT<DW&l~te. S i 1-y Cy gi4s ' 

igd>ib*#&3lo$Si9S£g:tt5o -tLX, Sigt 

S il-y Cy ®tA^lb^5^D^1#itC03l^/^- 

/<>-Kf4, 02 (c) iciiHIfllgi&So 
[0058] oj D % S i i- y C y g<7>(E^-rii6S 

(Dmmmtf, 2misxu4m^m^tcy<>v (a 

(2) *S4t>*A (4) ) iz^yy y h-r-s, 

S i !- y C y g(De^iStt2St^iIL^^KA 

(2) ^4 9tft5)c£*u ^yKA (2) com^ffymm 
»f4, s i l©S^©WiftJ; 9 fc'hS < * 

fc, 2fi{C^ilLfc^<^KA (2) (O^^VU^r—W^U 
(4, S i <D{m^(D^-^-^^i. 9 hi&< fc5 
<75T\ |?2<7»y=iVg (S i i- y C y g) tIl©-> 

ynyf ( S i g) i: coM(cT'# 3— o P$li(c 4<9Sl 

[0 0 5 9] — S i i- y C y i^il^S^fcl^l 
faHB&&*#tt, h*— a- (lh) ir^bf— jv 

(HH) ^^KtC^T'y y Z.<Dk%. Sii- y 

C y g©fl5m^^Sl4^«*tf>jN£v^^ 

Sf4S i g<75*— /U£ V) Vh£ < /«e£. 7-< 
— Ktf^MvMr— W</M4S i (DBWrH&tO^jr- 

(Sii- y Cyg) tflWv'yaVi (Sig) 
HS5l£T*# n pf |g{c4 «9 A^ffl »3 r t i>> 

[0060] 0 3 (4, &3£®iv>$B l oHJS^ffifc^S^ 

MO S F E TCDffijg^-^-tWSEI-efc^o 

[0061] i^iatc^-rj; o ic, pioi/ y =■ 1 

0±lc, |j?l<7»y 2 (Sig) i:> 

tf^2W->y 3 (Si i-y C y g) 
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ti^«3©v'!I =iyiU i^uHV-CVDffl: 

^g i 3(i, m.wmrr^^^f^mt vxmm-r 

■So 

[006 2] 0 5 {4, fi8Ht***V ^£Hr> y => Vg 

/«cv> 4 o ttfmwm-T c <nmmm&<Dmuz.mrz>mt 
*7frtmmx*hz> 0 z. <d% 2 y => vg 1 3 (Dm £ 

y§13 2 % t ^rtf>!8iJ¥£ 1 0 n m 

[0 0 6 3] a?3<Z»y =Vgl 4±{C{i, ^3 

©-yyayfi 4^»^it:(c t toTffM$tvfcv-y =>v 

hm®l 6CDp]ffl!lt-«, n+g^b^^y-^- • KW 
7, 1 8*s?^5t$*u -?:W±(c:tty-^ • 

^ 19, 20 a^ttmffM^n-o ^s. 

[0 0 6 4] 04 (a) ~ (c) \X El 3 {C7]H"n — M 
OSFETSrttf^$-e:S»^, ottiy-FSil 61: 
jEOWESflttPLfct^rolSlW^y ^yfi 2, ^2 

©•>!)3yii3, ^3<75i/y=>^gi4, y— hif&£i 
iii 5SD«y— ni^i 6»/<^Ki#it^-na-efc 

-5. fcfcU 111 4 (a). c7?^^{cioVN-C(^ '<^K 

Elro5S5^-CvTH-4 5^^i:^5o *fc, 04 (b) f4 
810^3^112 (ci^jtS V—-7m&nrttiWr&<n 
^ Hfllit^, 04 (c) li^3(D->y=>yli4i:I 

"To h«® 1 6 (CTOP $*bfc«JW-«t 9 WB ^ttfc 

it'fc^f 2©->!J3>'il 3tHCr*P)tU 04 
(a) ~ (c) w^ffilcfiia^ffi] (^^r^^lPl) 

yI12-l2©->!J3yii3 IBlcjgfSSns^ o 
PflSi:, !2©v'!J ayf l 3 -i3©i/y nyf 1 4 

wt^ffM^n-s^ o nes t \cx <o , 2 <d-> y 
t Lxm=?-<Dm))!gtffa±. u h 7 >- v 5 ^ ^ wsw^gs 

gl 3(7^^C^til^ft?{tA (2) (4) W 

[006 5] $ ^jW^ltiJ, K=¥-y 
<%te#!to*l, l3«->y3yfi2, 14lc4oT^- 

■v*/MB«-efc<5$S 2 cd-> y ^ >m 1 3 ^s^^nfc*^- 
50 &Fffi&kt£'3X\>^1zib. mt&£jrit&r¥-l*z.0>mfr 
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T-#-5o 0*19, Ga As^C0ft:##)^^fflV^< 

-c i> m*x^*#rmm*mi-%nmm<D n -m 

o s f et zmz> ^ t tfXZ S 0 
[0 0 6 6] /«c*3 v ^HSfc^Tii, ®^*frrs^ 

-f ^AffitfrefcSlB 2»v'y3yfl3 3 tf>^ y a 
^® 1 4 (DT^mH bfr*MV>2&'?--Y*/l&MO S 
F ETl;oi ^Xmm Ltci)\ % 3 C0-> V => 1 4 £W 

Ctv vfcv \ ^-Y^HSyt^fcSIB 2 y = >Ji 1 3 /o 
OitcE^y- H6BW l 5 MtL< f2&®HtLT 
^Rfe LfcfSffi^ -Y ^iMO S F E T ffc otM^fc 
^(DW&iaX Il©->!)3y§12-l2©v' 

MosFETi^i^tU rcoEfl *^»*^v ^ t 

mmffiytzsoYb. (2) ayKT^y^mMA^b £\ y- i 

"C^S^fc, 04 (a) CD^IC^H" i 5 fl»-> 20 

y 3^11 2t^20v/y 3^11 3t<omax 
&wmx% z>=.*jv*?—icm.<o < &b-im&.z*iz>. * 

[0 0 6 7] -tLT, f&KOisl) 3>H 2{RiJW^t l d 

mWk& h'~7mZB&i-Z> r <b fc J; 19 , ±152 o©x^ 

Jit LTflMr-5^£aS-C3\ V**5HEMTSflWc JO 
■f-^ifctPTfl&^ifeS (H4 (b) #H8) o 

y Tzm&i-zmms. v-Tmt** y 
SL^sit 5 r. i & < siig-cjim-s w t 5c 

[0 0 6 8] fcfcU 04 (b) \£jjk-f^j\s3?—;<> 

mmx% 2 00 < (?^<d 0 *>v *nv&* ■* y twsji 
w^<c5Mi y-haisi 6— omffiroastctoT 

fi, g52tf»y ayf 1 3 <tfg3C9->y ayfl 4 40 

y— 1 6 ^BttDtaaEiM^v Ma^-ja*, $ 1 <75 

>>y ayfl 2 i^2C0->y 3>fl 3 t<Dm<D^^ 

h w 1 6 --cDRttnflff^s 41 ratfj&fit o t # tot, 20 

[0 0 6 9] 4fc, Jg3^>y =>-Jil 4ftJ(7>^^n|» 
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VTW&MkteZHEMTIimrfLZIriZ (0 
4 (c) #RB) o ^o*a-(c: fc -hiE <h 13] cafe J: 0 , 

[0070] mawEK-^ssrjBao^y 
Jii 4»yi8*Lfc»£ (04 (c) lew:, 

■cus^js-tnfcfcs. tot, 
2 xjijB 3 <n>*s y => 1 4 cov ^-rntdflb^s k— 

[0 0 7 1] *fc, ^3©^!)3ygi4tg2©->!i 
ayfl 3iOBg<03i^u^-ip(4O<fS^ (04 
(a) <Z«ait?**4x**flJ5W 



1 5 WjaTt?»±<C < > f5 3 ©•> y 3 V 
[0 0 7 2] ii^CDMOS h^^^^T'ti, ^— K^fe 

2<D~>]) =*>mi 3t^3(D'>V aVll 4 b<Dfflia* 
y 3 VJ1 1 3 , 14ttx hf ^ ^-vyl^StC «fc 19 xS^g 

LTffM$nsox\ ^2<73->y3^®i 3^fficona 
fTjiS^[pi±i"5»o 

[0 0 7 3] -iRWftMOS h7V-^?l: 

[0074] (8S2 (ommmm) 0 6 n, &nmm 

V p -MO S F ET<Ott$jg£:TH"ttfrH0"CfoSo 
[0 0 7 5] IW]0tC7TH-J; 9 (-> nI©->!J3ylKi 
0±lc:ii©yy3yi2 2t, mm&at!$52<Diyy 

3^123^ ^Sr^*^^3<75^y 3y§24i 

^uHv-cvDfi(c c t'9iii^g$nTv>So ±ia^ 
< , immmxte, % 2 <d-> y => 2 3 coj^^w 

*I12%T\ Blfflil Onmi LT^So 
[0 0 7 6] *fc. !3©->y 3>Jl2 4(0±(C(i, $ 

3<75->y =>>g2 4<75iiM^t:t-J;oTffM$nfcv-y =< 
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So 

[0077] - r t% jje« i <nmmmKiortz>m i 

&Tjq!2 (a) ~ (c) ICtjHM;?!^ ^^tf^2 

co-> u 3 vji 2 3 z<Dm-7m&mmz-a& *v ^ 

2 (c) (C^rr<t9^ l2©->y3>'l2 3©ffii? 
fflf*47>r h#— A* (LH) fc^lf— *— (HH) ✓O' 

3V12 3 coffim^»i*Sbf»co/J ^ v ^ 7 -f h 

SU<Djif%Mm-3M 1 <7» y => >-/! 2 2 CO*— /UO^K 

#f-5^2C0^y =VS2 3 Sr^-Y^/i^B^«k LTp- 
MOSFET^«t5i, *-/UC0W$l«*/$ s /h£< 

»f^iiSdi|^±i-Sc -B£co<fc9lc. LH^K 
C0rc^-vU=¥— U^</M1^ 1 CO y 3 VJl 2 2 COffim-7"^ 

jgco^vu^— u-^u <fc 9 ti^v ^coT\ I? 2 co-> V = v 

123 COftiJfcW$I«l;CO/h £ V ^— ^ ffl ft 5 fcft 

CO— 7^ U P*H^ffM $ ^2. 0 

[0 0 7 8] 07 (a) ~ (c) ti, 06{C^1"p-M 
OSFETfrlti^^-BrSi:^, ott>y-HS26lc 
Acofflffi^AaLTti^co^ico^y =>>-Ji2 2, !H2 

cov^y ^>-Ji2 3, ^3co~>y =>^g2 4, y— 

R2 5S.O«y— h®S 2 6 <Ds<^ hm^^tmxh 30 
-5c fcfcU 07 (a) (DmMWxt^te^Xte;^ Vffi 

0<o^T-^<fc?ft^<b&5o 07 (b) li 
ffl l co v- y => vg 2 2 tciisft& K-^J!£f3:tttfL4§-£-co 

^KtHi^Sr, 0 7 (c) «^3C0i/y 3VJ12 4{Ci^ 

i-„ y— hWM2 6 {d^wp $ *wcmw- J: <o m& $ tut 

*— /Mi, 3E("^*-a ^ I ojl "9 M£§t tfc^^ 
m&Xh2>Wi2<D^y 3^12 3tcWCrft^ 07 
(a) ~ (c) CO^ffitcSitt^lS] {^^^i-Ufa) \Z. « 

Mrirz* -ttett, ^(ornmrnxn. fuco^y^ 

2 2 -% 2 C0-> y 3 >M 2 3 IICM^ a 
P*Sg<t, ^2C0->y 3^J12 3-^3CO->y 3Vjf2 4 

y 3VJ12 3rt(cf^C-ftbn6 0 -tLT, Jd&Oj;? 

3 coffi®^*!ra(±. ^Kicoigv ^LH^y K(cJ; >9f8 

^coK)f^S7i^±i-6c 

[0079] £ <bl-, ^JEff^-C-ii, K=¥-y 7/ 50 
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CO^ftJgl, ^3C0Vy=i^2 2, 2 4ta-otf 

■^^^mmxh^m 2 co-> y = vji 2 3 as&* nfcftT- 
* < x i>%mtettwxm?-#J s mm&m^zmmmv> p 

-MO S F E T ^#-5 r t ftX-% S 0 

[0 0 8 0] fc:fc\ *^66^«gT*(i, *-/w^frt-5 
^■^^/i^Bi^r-fes^ 2 co v- y => 2 3 dsfff 3 co v- y 

3^12 4 coT#ia£tt fe^xfcfflftii^ Y^vuSiMO 
S F E TICOV ^.TtftB^ Lfc^\ ^3C0~>y=ivjl24^ 
WLTW,eV\ ^•¥-^l^J$-efo5fS2C0>'y 3^12 
3 co±i^i^y- MI^Bi 2 5 b < b 

TfMLfc^ffi^-t^uMMO S FETt*feott>M 

t»fcv\ -twste-ictt, ^icovy 3y§2 2 -^2 co 
>> y = vji 2 3 raro&ssns^T 1 a p*n t s y- h#e 

»K25i:tcJ;?), *-/w^2co^y 3 v§2 3rt(c 

Scmo SFETiD fi^-v y TroacrfeW* * 
ri: «is6*<IPtfc/0 Kc07^ h*— /ucoW^iW* 

1117 (a) (D^m^Tjkrti. 0 fc, ^1 
<7)^>y 3VJ12 2 ir^2CO~>y 3i/Jl2 3 ircDFeltCli, 

5„ *fc, g3»->y3yi2 4i||2©V!J3yi2 

[008 1] -tLT, gJl<E>->y 3>i2 2{KlcO^T i o 
i^jtS K-yS^JFM-T 5 ^ i J: % JJB 2 oc03^ 

mkL.xmm-rz>zb&x*2, v^5hemts^ 

-t%^kh*]mxhZ> (EI 7 (b) #bs) „ ^rco^, 

^--r y T^tt^r-sisms v-ymt** y rwwmx 

[0 0 8 2] fcfcL, 07 (b) {Ctj^Mvi^-/^ 

htit, 2 oco < laf^co o vftitf*-* y rmm 

{CtC^^J^i, y— h®®2 6— COmffiCOSSlCfcoT 

n* So y- h sis 2 6 — coRi^pttE^^ # v ^t-a^ 

fi, f 2©v/U 3^f2 3 i:l3©->U 3>i2 4 iro 
p^(03Q^^— ipftrco < IS^^-y y T^W/H-^ *> , 
y- hftifi 2 6 ^SttirttEas/hS ir ^®^-{-f±. IB l co 
•>!i3yi22i:i2»->!i3yi23i: congco^yu 

^-spfico< \ZM>>** y tsswjc^s. y- 

^•9 56. 
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[0 0 8 3] *fc, l3CD^y =^g2 4f!lJCD—XD|5$ 

3^13^1)3^12 4^ <Dffl<D^/lslr—mtL<D < 
7 (c) #!D „ ^<DW&\Ch±MtmzmfiUC£<9 ^ 
[0 0 8 4] Ht', fij|gK-^l3©->y3y 

y— h 2 6 ^<d«±(d3Wp^«i^ irofifeffl 
2 xteM 3©->i)3yf2 4(7)v vf nt-iisai^ k— zm 

[0 0 8 5] I3<7»y 3>m2 4tM2(D^]} 

nyl2 3t (OWi<D^)V^—mtSD < (El 7 

(a) ©«3»-C^**t5<fB^) z**vTwmmtLte 

£\ y— MGfttiR 2 5 OjHTT-tete < , l3©->!)3y 
12 4coii:Tt£*— >^Sj£fH-5^-r^i^M^R£i'"5- 

[0 0 8 6] M©MOS Yyl/V^ZXXS^ y— hffe 

<Dm$mx~3bz>is y 3 vgitswoatM 3 , y- ute 

l20v'll=i>-®2 Zb.^3<Di^^^>m2Ab<om\Z. 30 
\-mWBm\-Z\*bk>¥te<, a*o x 13 
<7»y 3>f23, 2 4(i3it°^^->-V/^ft(Cj;i9ia 
^LTffM£*v5<£>-C\ 12WV-1J 3Vi23©iI© 

[0087] -f HRto&MO SF7 * tc 

[0088] (i3 ©nasro^iig) ei 8 f±, *mmm 

LTflJfflL/cn-MOSFETi p-MOSFETtSr 40 

CMO S F E T<7>ffife%7rrtWffimX'hZ>o 
[0089] ^mS^BfOCMO S F ETI4, 
(4, ~> V => VStg 1 0 1 1 <O|QBi01fiT?WW b 

n -MO SFETil2 (DnmMX®ffl Ltz p — M 
OSFETi^Si02 #W6»^LT»g?LTJ&Si* 
ftfcflBSirfcoTV^S. |R»^jH\k?K> n-MOS 
FETroT^Wip^^H l/4\ p-MOSFET© 

[0090] tU< n-MOSFETtd*il,vm, p 

1 ro_Bc. lldvUsygi 2<t, S*SrS- 5(9 
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tfl 2 CD*> JJ a v/1 1 3 t , £9[SSr&£fcV nJR 3 ©•> U 

v*s. ±ia^*^^/ci2co->y 3^®i 3ii, 
m 1 3 roffltwfianc j; z>mm>^m»E ue^ £ 5 s&^agff 

TcOT--t--5rid^*L<, ;*3SSSJtflBmk 12 

©i/yayfn 0>&*s*r*± 2 %t\ a^¥(4 1 o n 

m^LTV^. 4/c, l3<7»y 3yfi 4(7XBC(4, 
l3©->!)3>il4 WH^f k(C4 oTffM^nfcv- y 

3 ^mm^x <o ffif&ztiz?- hmmfc&n h^x 
a *) » $ e>(c:-?r<D±{JU4y- 1 6 asjiM^ti-tv % 

5. y— MtlSl 6 05WffiRc»4, n+ MfrbteZy-X 

■ KW^iin, i8A^$ti, 

^ • KW i^Ml 19, 20 &%fl%*tf®$.&foX\t 

[0 0 9 1) p-MOSFET{-j3V>Tf4, n ^ 

i;u2 10±ic, ll<75->y nyf2 2ir, mM^ts 
l2©^D3yS2 3^ ^f^^«3©'>!)3 

v» 2 4 1 i$uH v- c vd mc x <o wm$m £*VCV ^ 

4. ±IE]^3gSr-^A/fc*l 2 O y 3 vii 2 3 14, 
as^Tf 5 pf^^t L-XmifctZo p -MO S F E 
T(C*3V >T 1 2 CD-> y 3 >® 2 3 Oj^^W*{4 2 
%T% MV(41 0nmiLtV^ o £fc, I3©'>!)3 
>-S2 4<7)±(C{i s !3©->!J3>l2 40i!!tftl-J: 

oxffM$nfc~>y 3 vsHb^icj; *).«ba$ix*y— k 

2 6i69Bfifc£;tVtVV5o y-haffi2 6©SffllCl4 p 
+ i«>645y-^ • KW>W2 7, 2 8^JFM$ 
n, *»±iyiy-^« KWxtffi2 9, 3 0^tt 

[009 2] *3U©F^fllT'{4, n -MO S F E TRlfp 
-MO S F E TW^tCfcV ^tv !J T*S*tT-T5^- 
+^i«SB4 if*>fetj^l5Sr&^5lo!RiJSgS:S»-J-fc 
l2©V!)3yfi3, 2 Slci^Wfiic^tvTV^^o 

[0 0 9 3] ±1211, *2©Ht©g«frt?BlWLfc±5 

3 , 2 3 (4, eWIWIIwMvu^- u^/i^«^*Sr&* 
f 1^1)3^112, 2 2 lCJt^T<S< , fffiffl^- 
ISBO^/u^- u^/k^DS iro->!)3yfi2, 22 

■>!)3yll3, 2 3JC*-ryTS:Wtr«)5fc*«>^ 
^U^-Pfil^^$^ 0 Lf^o-C, 12©V!)3 

>I13, 2 3(c x t8rf-ts£Tf*— yuoW^SrM l^ii* 
[0 0 9 4] ^JR. S i Ge/S i ££<$<t Lfc^n 

ft&HBiiffl^tcMo s f e t mmm 6 1 - 2 8 2 

2 7 8 -§-4*80 "CJ4, cOffl^T-ffi^fcJ;^— /U* 
^■■r ^/HWWcPH C ^ tzHb(D^v- d 
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I0095] ztumu *nimmx~te, s i m<d±. 
\^m^tz3\^mm.^nx\^s \ i- y c y gic 
*3v^x(ie^ wm^m>m^^ s i i- y c y gic 

£&fiJfflLT, Sii- y CygSrn^-^^i LTt>p 
2<o->!)3y|i3, 2 3t, Zix^ftMfr, fc—frifi 

iSjaT'^tTi - ^ n ^-v^k p ^V^frffilfctZ - £ 
^-et^,, ^CQ^jfl, n-MOSFETWp-MOS 

■>y3yfi3, 2 3 b*6id8i{Ciffl£ LfdigJC 

ffM-rs ^ trfx°% stub, ?— vmm i6, 2 6tfn 

[0 0 9 6] (^4(D^(Dff^) ^4~^6CD«5S^ 
ffliciJi, vet, ^I^OS^W^X a^WigliEl 1 
(C7Ktmit,);|WlC-C-fc'9, Sil^^lW->!J3 
^gtfXht^S i i-x- y Ge x C y mfrbteZ>Wl2Cr)~>V 

[0 0 9 7] H9 (a) ~ (c) (i, ^4~f6W^i 

BM^&m-tzfemtre;* *v ^ i y = ^g (si 
g) <t^^y^='?A^tfm2co->y3^g 

(S i i- x - y Ge x C y g) b&ffl^1~&m<D%g£m& 

m, mmm^s ii- x - y Ge x c y m^\o^m.^ 

!_ x _ y Ge x C y H<tt:i5—xn^f||i£<7V^KE] 

[0 0 9 8] Si*, H9 (a) Kl^i^C, 
Vttf,U^^<y-J±$r£tj-m2<D^V =*yfS (S ii-x-y G 

e x c y g) f±, ^vu-^-^a^x, mmm&ycom 

mtK x<8. 2yT-fc3i:#, tW^fl»->!J 
=>>g (S ig) (Clt^T/J^^o L^oT, H9 
(b) lZ7rk-F£o\^ S igOJiiCS ii-x-y Ge x C 
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y m&J&MZttW&M*. S i l-x-y Ge x Cy g# 

T<Dm*-XJ&g:£ttWr&iaX S ii-x-y Ge x C y 

<0mz&<0^ S ii-x-y Ge x C y gOg^ti^ii^ 
fi?tf"C, 09 (c) ^U-cJ;9lCA (2) TJ^^iS 
^O^, ff?l<^>l>=>^g5 2<i:<D#ffittifi 

[009 9] <0 , S i i-x-y G e x C y g^fc^ 

K (A (2) *5±T>*A (4) ) M"5 0 ^» 

S ii-x-y Ge x C y g^<E^^«i2miC^iI 
Lfc/<^KA (2) tcj;i9tll)*$n. , /OKA (2) 
om^W^S*!. S i gwB^<75W$jSC*J: 9 fc'h 
£<&5o Sfc, 2J|«§ilLfc^>'KA (2) 0X31* 
yU=¥— l^Hi, S i <D&Mft®hC03Ljr-^3r— U-^Pj: 
9 t{&< t£Z><DX\ m2(DiyV=^>-m (S ii-x-y Ge 
x C y g) i:$l(0->!J3yi (Sig) <t^(CT'# 

20 Z> 0 

[0100] — ^ S i i-x-y G e x C y (DBWrf-^X 

hmmz.%$mmrt. v-< h*— ^ (lh) t— * 

— ;u (hh) KC^7°y y h~i~Z>o S i 

i-X-y Ge x Cy (Dffi«^^ffi{i^>)«*W/J^$V^7'1' 

;wiaii(iS i I»*-^J; <9 Vh£ < * 

isl) =^g (S ii- x - y Ge x C y ) tflCv'Day 
J<? g (Sig) t (Dfflzx-Z 5^ a ffi&tc: J: 9 *=-/w-Sr 

[0 10 1] ZC0-v^oPfiiO^:#$li, (K.Brun 
ner, W. Winter, K. Eberl, N. Y. Jin-Phillipp, F. Phillipp, * 
Fabrication and band alignment of pseudomorphic Si 
i—yCy, Sii-jc-jrGe^jr and coupled Sii-jrCjr/Sii-^jrGe^ 
y quantum well structureson Si substrates, "Journal 

of Crystal Growth 175/176(1997)451-458) {^fE*t$ 

titv ^ <t 0 ic, 5fel'KE^G e Sr&*/j:v 2 !) 

nyf (s ii- y c y ) &m\>^itm&izit'<xiz£ < i- 

Ge 2 8%&^±:#i:Ge££<-&**V'>i:£i-C 

TIBS lcoi 5^<c5o 
[0 10 2] 

[Si] 



! 



(12) 
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22 














Sio. mCo. 06/Si 


280iaeV 


90meV 


(Sio. 7Geo. 3) o. 94C0. 06/Si 


145meV 


125meV 



to 1 0 3] -tfrfrib. mtmttn^vmttfrhz 

•?> 3lo3R*>ai«:gttfcS i i- y C y J: 0 §|o3Ri9^£ 
Sttfcs i i-x-y g e x c y <njjtm^ffi&x*<ry<T 10 

g&S i i- y C y Tfiifc < ? I 19 S i 

l-x-y Ge x C y iC£<Offil&-fZ>Zttz£<0. *-/W 

5o 

[0 10 4] £fc, S ii-x-y Ge x Cy (CjottSx, 

y coffin t5wi(cil &mffi&<D^r o P$Ho* 

# $ <k , ffia-^^o^ a p$ §g<z>*# $ i <o&.*ffim. 
[ 0 1 0 5 ] m 1 0 ^ae^i^sjK* t 20 

3v^m&b LT^Jffl Lfc n —MO S F ET<7)fifi§£^-r 

WfSigi-efcSo 

[0106] p]@l;L7frr <£ 5 pSrovy 3Vlft5 
0O±^H, iif^^^l»'>y=Vl5 2 

I2©i/y3yl5 3h *r£*fcv >JR 3 y 

t*suHV-CVDffitcJ:t)HB»aWi*lxT 
v^5. JrfiQ^*ia < tu«y/i-v='>A^A/fcm2co->y 

3>i5 3 «u m-w^r-r 5 ^ •¥ *;\<m$L t i,x%m 30 

[0 10 7] rr-C\ R*atW/^v=9-fc>Sr*tfSB2 
W> yny!5 3 OBI#SD¥^OV ^TWIW-f-S. El 1 2 

mticMi-^S i i-x-y Ge x C y SICi|tafi;^3g£Ue 
v \fc 5 tet&Wm^T c rogEfkSrSrt1*ffla-C*>5o EI l 

2 tc^-r j: 5 «*t£*fcv y =■ vJi^-t 

(C^^tL^^&t>*y^-!>A^tfS ii-x-y G 
e x C y fcV*3tfdKrC*S*b5jR2©*>y 3yf5 3 

8 . 2 y (OB8»{CfcoT-tOJ|t^*SBSlH!B¥T c WT© 

2 y 3 >M 5 3 &HWHS8?T c WTt-i"^ 
<, ^2<75->y=>>-|i5 3Oy;U-r-'7A»$;^2 0 
%. g8ifil&*«r4%£ U *W8Df^ lOnmi LTt> 
So 

[0 10 8] *fc, ^3C0->y 3yl5 4©±|Cll £ 
3<©v-y 3^15 4(D?|*S^b(C«toT^$tL7tv'y =" 



- vwms 6<nm%mx n+ i^^y-^ • ku- 

W >"ffiffi 5 9, 60 fts*rt/?Jxilgi&£ Jvrv 

WWT? * SIB 2<D->!)3yl5 3 SrTiftf S«-?-»4. y 
-h«ffi5 6(c^P$ttS«ElcJ;i9»$HTV^ <) 
[0 1 0 9] Ell 1 (a) ~ (c) (±, Ell OtdTjrf-n 
-MOSFET^Jt^ o*i9y-h®H5 
6^IE©m/E$rTOPLfci:#i7)^10->y =^§5 2, 
i2»->!)3yf5 3, I3«v'!)3yl54, h 

fcSo fcfcU Ell 1 (a) W^^tC^Tte'^ 

RI^T^ti^Wtt'iS. Ell 1 

( b ) Iill©v'!>3>g5 2 icKil^ K— ^B&Rtt 
fc*a-^0 H«St*r, El 11 (c) f4f£3tf»y3V 

fi&f&tt: ?- hmm 5 6 ictod $ tbfcm^(c «t •? m 

&y>&*3kmtrf--r*j\&i$iftihz>m 2 <7»y = 5 
3{^cr*^ns eh 1 (a) ~ (c) o^ftsicsii: 

J^«8Ti4, H©^3yl5 2-l2©->y3>i 
5 3P^ffM$tb5^oPfiii. i2©v/y3yf5 

3 -JB 3 5/ y 3 >m 5 4 P^idJFM$tL5^ pftSi: 
ldJ:«5s nrf-itf&2<Di/V 3>-Ji5 3rt{dWCr*btt 

ffix&zm 2 ©•> y = 5 3 <D^Mf<oi6i&6s«at a 

(2) *5itfA (4) ^<VK{c^ii-5^ttcJ;i9, 

Y<DGm±<Dm<n&n&wiffttz>z. tA>xz. $ 
<b^ %wm&<n>fa±tf%mx'% So 

[0 110] ^Wifll K^-lr 

0*#*»1, ^3?)->!J3yi5 2, 5 4(CJ;-ot:^ 
**sl<mt&X»>Zm 2W->y3yi5 3 ^Stt/c*^- 

■C'tSo 0*t9, GaAst?<Ofk^*2|i»flESrfflV^j:< 

Tt>^*WTa*#F«ig*^rr*!BsttKBo n -m 

O S F E T Sr#S ^ t /SS-C# 5. 
[0 1 1 1 ] £Lh<7}J;9(^ n-MOSFET©ft^ 
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»1t9S2<D->V 3>i5 3t?«^rTSwi:{-J;"5^ n- 
MOSFET cD^£fa±$^5r<k#T-#5o 
[0112] ft**, ;$M^«rm, «-T-dSjiffi-S^ 

^^l^?fc5l 2 ©•> y 3 5 3il 3 ©v^U a 
5 4 ©T^IStt htvtzm^ih^f-^^^MO S 
FET(COV^Ift^Lfc*\ !3©'>y3yi5 4$:t 
LfV Nfcl \ ^^/M!»$T*fc5ft 2©H3yl5 3 
<D±\cWS£V- h*feH®|5 5 £/&g|>b L< fifg®KkLT 
J^cLfcSIf+^l^MO S F ETffcot't)* 1 !^ ^ 

\ -£<7?ffl^Cf3u fl©'>y3yf5 2-f20-> 
y=VJi5 3|BKc?Bfi£$n4^oPtt6t, ^-M6» 
B*5 5£fcJ;0, m^^2roi/y=vJi53rt(cWC 

MOSFET±?)fi^yTroEflCriMa*isjBiv^i 
fc, IWIfc^v KA (2) (OWf-nWmMfr'^ 
£ v > w <k d J: V) , tM^K«?iRi±3li*S:l8»r 5 r fc # 

T*#5*fc. 01 1 (a) <735^{C^-rJ:5J-s J8l«> 

->y 3yl5 2il2©V!) =i>-®5 3 .tw^cte, ® 

^^u^--nm<D < 20 
ft3<?»y 3yl5 4i^2ro->U =>g5 3i: 

[0 1131-tLT, ftl<7»y =>>Jf5 2ffii]C0— to 

«iL-OfiJffli-5wfcdS-e# % V\bt*.&HEMT«:flWS 
t5wtt»*>5 (1111 (b) #flS) „ -t<z>» 

-So 

[OlHlfcAIUHll (b) tc^H^/i^-^ 
^ H#0»T\ 2 ocD < tS^O 9 *>V vtf ft#*-Y y T 

li, !2©->y 3>f5 3 iisro-y!; = ^15 4 
YWm 5 6 ^BWnfltEiS/hS v MS^-tcfi, ft 1 

->y 3>15 2 i:ft2<7»y ayf5 3 iroM<0^/p 

h ®n 5 6 — pao«ee^ tw wftttw fc £ w*» 20 

[0 115] f(i3<D'>]) =<^S5 4<ftlJc7?— T-oPf 

mm v-7m&j®&. i,ti&&\a*, m 2 <d-> y = 5 

3tl3»->!)3yl5 4i: <Df$<n^^— W4<£> < 50 
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l?Wt!)7ilii:)i5HEMTi«$n5 (El 
11 (c) #!§) . ^o^(ct±iiti<tPCS*{-J: 

[0 116] rrx% i«ilftK-^BSrKl3©'>y =V 

15 4l^Lfc^ (Eli 1 (c) <z>»^) & 

vy3>i5 2~5 4 ruwm Y~zm<n^fmm.s. 

otL*5istHt*5, Hot, ffl^^h^^v 5 ^ 
* ©#as<D#f^£ffl*{4« ex, ft 1 © s/ y =3 V® 

5 2 Xttft 3 O i" y =J 5 4 COV vf tUCiti jft^ K~ 7° 
[0 117] f3©->!)3yl5 4^2«->y 

ayf5 3 fc©m©3i^i^-fl^ft©< ^ (in 

(a) wmrttZifiztMfi tt+vrwwati,* 

^ y- hn^im 5 5 ©j&T-ettfc < > i3©->^y 
154 (Dii:Tlcm^ 5 *trrs^Y^/^5#?ti- ^5 r t 
±IS^lOH^flg-e^bfcJ;5^ -«W 

[0118] (jB5<z5iste<^iD mi 3«i, #mfcM 

mzrs y => sm*'?- J r*>Vm&£ Utf iJffl Lfc p —MO 
S F E T(D«ig£;^lilrffim-efo5o 
[0 119] REHCTjrf J; 9 nl©->y =JVStR5 

o <o±tcfi, /<ev «ic->y3y!6 2 

jg 2 tf» y 3 6 3 <t , jRSHf sr^**v « 3 <d-> y 

3yf64 irASUHV-CVDfetCfctJieUM^tfC 

[0 12 0] ±iE<75j;5tc, ^Sr&*^v^S il©± 
(CffM $ tvfc&mRWfJl^r- <? A ^r^tf S i i-x-y G 
e x C y i:V^9^x^Cr♦*$^^5ft2(Dv'y 3Vf6 3 

^/l^r=^ Afflux, £*i|irifcyOBa«a s , x< 
8. 2yWga^{cfc5i:#, 5lo3R0S6*S»t5 * <k 

Sfci, r<7>ft2<7»y 3yf6 3«7)J?$fi, 
J; Z>miLfr%i$L L/iV ^ J: 5 B&^llfiepT c £ATJ-i-S " 
a*#£U\, ^r-C% **S©^^T*tt> !20V!J3y 

16 3 ©y^3 ^7 AlEj^tt 2 0 %, )^*l§J*li 4 % 
T% JB8?te lOnmi LTV ^ c 

[0 12 1] *fc, I3»v/y3yl6 4?)±lcit ft 

3o^y 3>i6 4rof«^ctoT^;#£n/t->y => 

• KM>|i6 9, 7 O^n^tV^^tLTV^ 
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2 cOv-y 3^16 3 Srjifffi-S* 

[0 1 2*2] g8lf*3«ttW^=^ASr 
1$k>tz.W, 2 CO v- !J 3 6 3 13, ?>V^=- v* i4iJ& x , 
M**Bj5g y CO&!» x < 8 . 2 y -eTBIWHtfT c«7© 

[0 12 3] — ^ S i i-x-y Ge x C y COffiS^HffT* 

tlBHIKcttiijaW't, 71" h*-A< (LH) t^tr— * 
—?V (HH) /<yKI^/!) y hi-^o S i 

!_ x _ y Ge x C y coffi®^«i^K*co/h£i^'i' 

junWH&MSM 1 co V 3 >"i 6 2 co*— jw^mw 
Bdit^-C/h^ < 09 (c) i:02 (c) 

^loSS^aSrStf-fc^y =>V® (S ii-x-yGex C y 

Jg) co L H/ < s Kco:Mvu=¥— w^u irJLtubSr^S 

i- y c y j® ©LH^Kt^Sf-s^^^^y 

tftz^V =>>m (S ii-x-y Ge x C y B) SrpfHr^ 
fci>y 3V® (S i l-y Cy S) STp^-V^Ut LTI 

[0 1 2 4] Ell 4 (a) ~ (c) 01 3lC^p 
-MOSFET^M^ oS"9^-h®S6 
6 (cAcofflff SrTOD Lfc <t £ COM 1 CO **v y => MI 6 2 , 
I2©v'!)3yl6 3, Jf{3©e/!J3yl6 4, y — h 
IfiHWe 5&t>*y— hStSe 6 <zv<> K«it^-T0T- 
£>5„ fcfcU 014 (a) CO^^-fc^TIi/^ 

{!IW10cofiS^-e,TH-<t9^?F^^^Sc 014 
( b ) liSS l <?» y 3 ^jf 6 2 tcii^S K--/1 £K 
fc^cO^O Kflli&gr, 014 (c) (im3c0i/y=>- 

nm^-n y- hmm 6 6 (c^p$^c«#ic: ± <o m 

o6f|i9S^g(tfc^--y^vi^sJg-r-fo5m2co->y 3^ia 
6 3(ciflcrjoibn, 01 4co^sjcsa:^ip] (^--r 
^frfz> 0 ^co^JSff^-Cii, 
micOv-y ny|6 2-»2©V!)3Xl6 3fif]lCflM 
StLS^oHBSi:, ^2cO->y 3Vjf6 3-3?3(7» 

y^v§6 4 mjki^^ixs^D wsi let <9 , *— 
Ts ^2co->y ay|6 3cofiiG«T-»i. *SbK*co 
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[0125] £ bi^ *mmmx*n. 

<0-X%tiL%\, f&3<DisV 3>i6 2, 6 4lC£oT^ 
■r^wPS-Cfc^m 2 cO-> y = 6 3 *^*^fc»^ 

^■oBasSr»»)i6fix.*"ii:ds/«c<, g^U^m-^^ 

7C7 fc*S-C#*. Ga A s ^COte"^^^^ 

^< t t^ffi^W-C*^F«ig^#i-Si^Hgco p 
-MO S F E T <5 r. t ^»T'^ -5„ 
[0 1 2 6] £LLC0J;51C, p-MOSFET©f^ 

lt^2C0v^y ayM6 3T*«fixrr5ri:(cJ;t), p- 
MOSFET coii^SrlP]±$-ti:5r t*S-e#-5 0 
[0 12 7] *^Jife^«iT1i, 

■r^«t*fc?>i 2 co-> y 3 6 3 tm 3 co-> y 3 

yf64 ©T*fdK"t feix^iSioji^^-Y^/L^MO S 
20 F E T (COV ^TlffiBJ Lfcd\ ITS 3 CO v" V 3 6 4 ^ 

co±(cE^y- htfetftBte 5 ^fiSMt b< H«8ftfkL-C 

MLfc^Bf-f^l^MO S F ETt?fcot1)Mfc 
\ ^C0^-(C1{3, m 1 CO-> !J3yi6 2-i2©v' 

y =>^S6 3p B »M$n5^3Ptigi:, y-h^ 

Iff 6 5i:tCi'9 > 2 <D~>V ^16 3rttdW 

©MO S F E T J; 15 (i^r y TCO^fl Cr. v vd 

#"T?#5££:, 014 (a) coj^fc^H-J; 9 ^1 

ro^y 3 yf6 2t^2COv'y 3>S6 3 tCOMJC^ 

*-yu^r^T"#?)^^^ : ¥-2pfico< 

5„ *fc, ^3C0«>y3>g6 4«tm2(0^y 3yf6 

[0 12 8] ^LT, il^U 3>-Ji6 2tt"JCO^T i a 

mm& Y—7®*tem-z> - 1 «t *j * ±122 oco^* 

i-^rtt^rHgT-fos (014 (b) #BB) . 

■So 

[0 12 9] fcfc'U 014 (b) |C^-T^/U¥-/< 
> Htlt*. 2 oco< ir^co 0 *jV ^tt^ S:3 r^ y TWffi 
50 mi^te&AHX y— hS1®6 6— COmiEcOgSi-io 
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t lift 5. V- YWSk 6 6 ^ftflDttBEriyct V 

•>!J3^i6 2i:f2(D->!)3yl6 3i <Dffl<D^*/U 
¥-miL<D<&&tf* J rVTmm&j:Z> 0 y- 

Vwm 6 6 — (nmaWZtf'Vffl&JteMvyt # \az, 2 o 

tO 1 30] *7t, ^3(Dv-y 3>g64ffiiJ(7>^-7 L aPf /0 

3ir^3C0v/l)3^Ji64i: O^Om.*/^— SpfiW < 
14 (c) #BS) „ ^©#^Ct>Jdi&<ti^C3£(-<fc 

[oi3i] rr-c, iihig£K-yS£Sg3<D->y ^ 
i6 4i;MLm (El 14 (c) <m§&) iax & 

^ynyi6 2~6 4 x.xmm& h'-ymn^omm 
Rxirn^-. y— hwm6 6^ (oms.<D^m.W£t'<o^. 20 

6 2 xizwi 3 <o-> y 3 yji 6 4 <d\ tticmmm k— 

[0 13 2] ^3»->U3yi6 4tl2©v'y 

3>l6 3t ©Pfl©3i^/U^-2W40 < 13* (El 1 4 
(a) O^-Cv^^nS^) Z*^VTWimb^te 

-g\ y— hfftjtllli 6 5 wi£T-Cii^ <U IS 3 c» y => y JO 
S 6 4 (DiETtc^-yu^ftl-S^^^^^i-^ - 

[0133] (ss 6 <Dm&<DMim misix 

* (r>°J-^*>Vm$.k LTf Uffl Lfc0tC'£>5 CMO S F E 
[0 13 4] *^JF^<7)CMOSFETJi s 

^yayisSsooiK, %4<Dwmmx%m\-, 40 

/cn-MOSFETil5 W3BS©l^fit?BW Lit P -M 
OSFETtiSSi02 ^WB»«T^ LTBSSK LT7FM£ 
ftTbWaSfcfcoTV^. *LT, n-MOSFETOT 
*Clip^/l'5 1^ p-MOSFETOWWin 
^^^6 l^M^Tl^S. 

[0 13 5] -tLT, n-MOSFETld^Tfi, p 
!?i^5 1W±lC, Il«->!J3yi5 2i, 
yVu--^— ?A&-£tj>S ii-x-y Ge x C y frt>t£Z>%$2 

|?3c7»y 3>f54 tfrUHV-CVDmz&iQlffilk 50 
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tm £*iT V ^ 5 0 ±|Ej^^t/yV^ =. -> A Sr^-A/fc^ 
L-OmfSo iW»2©->y = >Ji5 3jai3lo3B»> 

^H^filTIi, ^2(0^3^5 3coyyu^-^A 
Ilj$tt2 0% tt8MU*r±4%-e, B89ttl OnmiL 
-OV5. fjl3<7»-y 3y|5 4<0±iCtX 13© 

->y avis 4co^fwcj;oTffM$nfc->y *>m 
$ btt<D±ia-t#— bmms 6 *g^$nxv y 

— h®H5 6WM«Cf±, n+ Jfa»fefc5y-* • Kl" 

W >H8i 5 9, 60 ttfo^itf®ft&HX v 

[0 13 6] p-MOSFETf^Vv-Cfi, n7 

1^61 »±»c, I4roy!)3yf6 2i, mmmf? 

ji^r^VJ^ZratrS i i-x-y Ge x C y ;$>t>&5fS5CD 
•>!)3yl6 3i:, j^^St>*y/u-v- A £-^2; *v 
6royy3yf6 4i^uHV-CVDffiCit) Hlft^ 

<Di/V =i>m 6 3«, /Ud^^S^-Y^/i^fflici: 
LT^Htf--5o p-MOSFETlCfcV^tt, ^5(7?^ 

y3y§6 3roy/i^=?Affij&{±2 0%, 

4%-C, 8SJPtt:l 0 nmir LTV>S 0 o^t?. n -MO 
SFET«l2©yy =^®5 3 tp-MOSFET© 
S?5c7»y 3^16 3 fcfi, ^EUgi^T'fcS^ 5^ 
(CPC«i^^WL-rV>5„ !6©->y3y|6 4 

<75±(CUi, H6<7»y=iMi64 COfiamftf- <£ o TJfM 

£ftfc^y => v^t^ici <9«Rx:$ix2.y- ha^flf^ 

fifcSivci^S. y— h«®6 6WMM-fi> P+ Mfrb 
t£Z>y-X - KWHWi6 7, 6 8#ffM£*U -to 

±{d« y - x • k w >^;^ 6 9, 70 /$^;jve**tffM 

$ixTV^-5o 'fefe n-MOSFET©!2©y!J3y 
i5 2tp-MOSFETOl4©y!)3i/l6 2 tit 
EVMiiaiClB**r#L, n-MOSFETOl3«v'!) 
3yi5 4tp-MOSFET©l6Wyy ay® 6 4 
£ iiSv >ld|B] Cffl^SrW LTV ^5= 
[0 1 3 7] ;4^S5Mg-m, n-MOSFETSVp 

-MosFETco^icjo^T, ^-v yr^tT-r-sf- 

o3g<9S££tt*:!i?2, ^5<D^y 3y§5 3, 6 31: 

[0138] ±15^4 , jR 5 ^^JfiiJf$flgT'tftBJ L^ci 5 

2 , ^50->y3y§5 3, 6 311 e^MO^^yU 
dft_ U^U^S^^^* ^1/ 1 , %A <D^ y =J 
5 2, 6 2 (ctt;-<Tfg:< , ffltFH&Sito*-*^- 1"< 
MMRi, i4©yy nyiis 2, 6 2(Ctt-<TS5<^ 
0. flWiMHr»W*J^ IS 2, ®5©->y3y 
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15 3, 6 3\Z**VT&fflt^tbZtl)ib<D^Tvi$M 

[0 1 3*9] t&fc S iGe/S i Z±fct Lfc^rn 
S^flKfiSrfflV yfcCMO S F E T (#MBg 6 1-282 

' <t frX'% tefr-otztztb, n ^-r^HgWi p ^ 
5 ^T^i: /jri^-t^HBWi^— hfaaRa^SK Ml 

■So 

[0 14 0] L*»L**S?>, #2Bl0Btt-«fc. SifW 
±»CJBfifc*n^9lo«9M«rS»t-CV»5S i l-x-y Ge 

x c y g(cjoV^(ie«m> flnt-=HHf«5Pi^^ y 7" 

£S i l-x-y Ge x C y @('WU.r*5/c*<7>^XD|S$ 
SA«JBR8Six5^i:S:f«Jfflb-C % S i i- x - y Ge x C y 

td*T*#5c 12, M5<D->V ^V®5 3, 

n —MO S F E p -MO S FET©V vftU-fcV ^ 

3 , 6 3 £0*- hlfilRSIi^SS Lfc.{fcB^riH-5 - 

5fc*\ y— had 5 6 , 6 6 {centra LfcWBz. 
U5><b, ±lK£*coi£fl?<7} «fc o ttfcH&wlt&Dmi' * 

'<y7Tm&&Ek UCV\fcat>, iStXmf ^e^ft 

[0141] ip^-c, 6mty'^- i ?j**i£tt\i& 

K>m%$Ll-f1Z*sV =i>m (Si l-x-y Ge x C y S) CO 

^■",lo3I9"g«rgttfcS''!J 3^1 (S ii-y C y H) 
*HJi^^COCMO S F E T4"<75 p -MO S F E T(Djj 

d* Jbwef? 3 (r>%mm.(r> cmo sfet^op-mos 
F ET £ D fc*#fc^pH^,l&£$ft3fc«>, 

[0142] ^ ±&<dxo^ mmt?j^=-v^ 



(16) ti¥ll-233771 

30 

ScDiS $ t (D&,*ffim<nmz.WMX*Z 5 <dx\ 0151: 

jjM"n-MOSFET0>f&20>>y=:'H5 3£ % p- 
MO S F E TCO^ 5 <7» V => >M 6 3 t £&ii§C9JI{C<fc 
<0 ffif& L"Cb, Wrf-RTJ 5 *— /KTD^tdOV vCffifttit . 
kffltUWP*»4ii!J s t#5. -*-fcfc>*>, n-M 
O S F E T iCfcV ^T{i. El 1 1 (C^H-^/U^— /< V K 
ymX'W)ft p -MO S F E T IC*3V ^fiBI 1 4 ('^ 

jo [0143] &0M<Dmmm) ±xe&Mimmx- 
(oyffmoa^t.tix^^^t Lfcds, *&mi3&*A*z>M 

[0 14 4] *7t, ±|B#^S©f^-l3^Tfi, *|gPJ 
§rMO S F E TtCilffl Lfc^-l'Ol/ ^X<D?mm bfc 

[0 14 5] 

mdm2<D*y» ^mtitwm^x, m2(o~>v^^m 

f ijffl L"C^1$!)K*cO/Jn$ 1/ Xtt*— A'&fflv ^7ci^iS 
mtfm<n n 3!RT* p MC5lt#^ h 7 y-^ ^ Sr#S r 
t *5t?# -Si it.tc, M9¥<^e^(c J; -5fefi<75(i t Ay f 

(g^ir«rE5ri:^-e#5o 
[0 14 6] 4fc, ^og^fiifi^»t5»2<D'>y 

4» •S^iSrflJfflLT, n-MOSFET, p-MOSFE 
CMO S F E TcotifMrEIS ' i: So 
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